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511 ABSTRACT

Overload protection for a multispeed motor is provided

‘in the form of a plurality of line break motor protectors

positioned in good heat transfer relation with the motor
windings and having heating elements in circuit with -
the motor windings to be responsive to excessive wind-
ing current and/or excessive winding temperature to
disable the windings. Certain of the line break motor
protectors are operational in more than one motor
speed configuration. The line break motor protectors
may be of the self-resetting temperature sensing variety
and circuitry is included to insure that the motor does

not restart until all protectors are reset subsequent to an
overload condition. |

22 Claims, 1 Drawing Figure
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LINE BREAK PROTECI‘ ION FOR MULTISPEED
MOTOR

BACKGROUND OF THE INVENTION

The present invention relates generally to overload
protection arrangements for electric motors and more
particularly to line break protection systems for multi-

speed hermetic motor arrangements.

~ Thermal overload protection for motors is a hlghly
developed art with a particularly inexpensive and
readily available protective device being the line break
motor protector. Such devices may take the form of a
bimetallic disc or other element which normally con-
nects two terminals together but which when over-
heated snaps to another position opening the circuit
between those terminals. This bimetallic disc or other
member may be self-resetting when it cools or may
‘require a manual reset. The thermal protector may in-
clude a heating element in series between the two termi-
nals so that the temperature responsive bimetallic mem-
ber may actuate to open the circuit between the termi-
- nals in response to excessive current flow between those
terminals so that the thermal protector is responswe to
excessive current, excessive temperature of its environ-
ment or some combination of the two, any of which
‘may be indicative of an overload condition. Such ther-
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mal protectors may include additional terminals and

additional heating elements for certain installations.
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Another highly developed technology is that of mul-

tiple speed motors. Multiple speed single-phase alternat-

_ing current operation of an electric motor is frequently .
achieved by operating that motor in a selected one of

several possible pole number configurations. This may
be achieved by providing independent windings for the
several different pole configurations or by providing

windings which are differently interconnected to

achieve the different pole configurations, with either
option being available for either the auxiliary or starting
winding, or the main or running winding. |

When a given motor winding is active in more than
one pole configuration, overload protection has hereto-
fore taken the form of one or more temperature sensors
in thermal contact with the motor windings and con-
nected to an external solid state logic module, as illus-
trated, for example, in U.S. Pat. No. 3,978,382. Such
systems are subject to a number of drawbacks. The cost
of the sensors and logic module is significant. Separate
and essentially independent arrangements are required
for detecting excessive current and detecting winding
temperature increase. System complexity increases the
likelihood of system malfunction. Such systems fail to
effectively utilize available high produetmn and there-
fore low cost parts. |

SUMMARY OF THE INVENTION

Among the several objects of the present invention
may be noted the provision of an economical and reli-
able overload protection scheme for a multispeed mo-
tor; the replacement of expensive solid state protection
arrangements for multispeed motors with relatively
inexpensive and readily available line break protectors;
- the provision of a multispeed motor employing line
break motor protectors wherein certain of the protec-
tors are operational in more than one speed determining
pole configuration; and the provision of a line break
motor protector arrangement wherein restart of the
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motor is prevented until all overload actuated protec-

tors are reset.
- These as well as other objects and advantageous fea-

tures of the present invention will be in part apparent
and in part pointed out hereinafter. 1

In general, overload protection for a pole changing
motor 1s provided by a line break motor protector in
circuit with at least one auxiliary winding and with one
main winding section of the motor for interrupting
current flow through the auxiliary and one main wind-
Ing section in the event of an overload condition, along
with a second line break motor protector in circuit with
another main winding section for interrupting current

- flow through that other section in the event of an over-

load condition with both protectors being opertional in
more than one pole configuration of the motor.

BRIEF DESCRIPTION OF THE DRAWING

The drawing schematically illustrates a single phase
two speed pole changing motor with main windings
operable in each of the two speed determining pole

‘configurations and a pair of auxiliary windings having
~different pole numbers along with the overload line

break motor protectors which are operational in both
pole configurations.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawing in greater detail, a
single phase two speed pole changing motor has main
winding sections 11 and 13 each of which is operable in
both of the speed determining pole configurations with

‘the windings 11 and 13 connected in parallel for opera-

tion at a high speed corresponding to a two pole conﬁg—
uration and with windings 11 and 13 connected in series

. for operation at a lower speed corresponding to a four

pole configuration in which two poles are consequent
poles. Independent auxiliary or start windings 15 and
17, with winding 15 illustrated as a four pole start wind-

ing and winding 17 illustrated as a two pole or high

- speed start winding, are also located in the motor stator.
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An additional or extended main winding 19 may be
provided and as illustrated is employed only in the two
pole or higher speed motor configuration, with current
flowing through that extended main winding and then
branching through the two parallel paths of main wind-
ing sections 11 and 13. Pole changing motors of the
variety thus far described are well known in the single
phase induction motor art and are sometimes employed
in hermetic environments such as, for example, for driv-
ing air conditioner compressors.

Pole configuration selection is accomplished by a pair
of relays or contactors having relay actuating coils 21
and 23 and corresponding sets of contacts 25 and 27,
with contact set 25 corresponding to the low speed
actuating relay coil 21, while contact set 27 corresponds
to the high speed relay actuatlng coil 23 being closed
thereby.

Start up of the motor in the low speed configuration
is facilitated by the potential relay 29 while start up in
the high speed pole configuration is facilitated by poten-
tial relay 31. Each of these potential relays is of known
design and includes a sensing coil 33 or 35 which when
the voltage across the corresponding start winding be-
comes suffictently high functions to open the contact set
37 or 39, disabling the corresponding start windings.

In normal operation the speed at which the motor is
to operate is selected by positioning the double pole
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single throw switch 41 in the position illustrated for low
speed operation or moving that switch so as to close on
contact 43 and select high speed operation. Thus, when
a pilot voltage such as might be induced by the closing
of a thermostat is applied between lines 45 and 47, relay
coil 21, as illustrated, will be actuated, closing each of
the three contacts associated with the contact set 25.

With line voltage applied to the lines 49 and 51, the start

- winding current may be traced beginning with line 49
passing through the start capacitor 53 by way of closed
contacts 55, 37 and 57 through the four pole start wind-
ing 13, through the line break motor protector 59 to line
51. Still in the low speed or four pole configuration, the
main winding current may similarly be traced beginning
with line 49 through closed contacts 61 by way of line
63 and a second line break motor protector 65 through
the series combination of main winding sections 11 and
13 and then through the first line break motor protector
59 to line 51. -

The line break motor protectors 59 and 65 are of a
known and readily commercially available design em-

ploying heating elements 67, 69 and 71 and self-resetting
- snap-acting bimetallic elements 73 and 75. Such temper-
ature responsive protectors are placed in good heat
transfer relation with motor windings and are available
for example from Texas Instrument Company with
protector 39 bearing their designation 15SHM and pro-
tector 65 designated 4HM for one embodiment of the
“invention. A conventional run winding capacitor 77 and
78 may be provided, if desired.

In the four pole or low speed configuration, a temper-
ature increase of the windings in the region of either of
the protectors 59-and 65, or excessive main winding

current so as to heat the heaters 67 or 71 may cause one
of the two bimetallic strips 73 or 75 to open and the

opening of either of these contacts completely disables
the motor until that bimetallic element cools and closes
again. Also an overload condition where excessive start
winding current flows through the heater 69 may cause

~ protector 59 to disable the system. Since the protectors

99 and 65 are in series in the low speed configuration,
both must be closed or reset for motor operation, how-
ever, in the two pole configuration, some additional
problems are present.

If switch 41 is moved from the position illustrated so
as to close an contact 43, the high speed relay coil 23 is

switch 41 functions as a mechanical lock out arrange-
- ment so that it is not possible to energize both coils 21
and 23 at the same time. Thus, in the two pole configu-
ration, contact set 25 remains open. A further lock out
~arrangement is provided by having a set of normally
closed contacts 79 which are opened when the relay
coil 23 is energized and similarly having a set of nor-
mally closed contacts 81 which are opened when relay

- coil 21 is energized. ,
In the two pole or high speed configuration, start

winding current flows by way of line 49 and the start

- winding capacitor 53 which is common to the two con-

figurations by way of the closed contacts 83, 39 and 87
through the two pole start winding 17, protector heater
69 and contacts 75 to line 51. When the voltage across
start wmdlng 17 increases, indicating adequate speed,
this voltage is sensed by coil 35 and contacts 39 open to
| 'dlsengage the start winding. The main winding current

flow is from line 49, closed contacts 89 and the extended
main winding section 19 whereupon the current flow
. branches through the two parallel connected main
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winding sections 11 and 13 with the current through
main winding section 13 passing by way of the line
break motor protector 59 to line 51 while that through
main winding section 11 passes through the protector
65 and by way of line 63 and closed contacts 85 to line
91. Thus, each of the protector heaters is subjected to a
different portion of the main winding current and addi-
tionally the three terminal protector 59 is responsive to
the start winding current. Potential relay 31 functions as
described previously to disconnect the four pole start
winding when the motor reaches sufficient speed.

Suppose now that the motor is running in its four pole
configuration and for some reason main winding 11
draws excessive current. This excessive current will
heat the heating element 71, causing the bimetallic
member 73 to open, interrupting the current flow in
main winding section 11. Once protector 65 opens, the
current flow in start winding section 15 increases sub-
stantially, heating element 69, and causing the bimetallic
member 75 to open the second branch, thus disabling
the motor. |

The protectors 59 and 65 are of the self-resetting
variety and in the two pole configuration the resetting
of either one will reenergize the motor with only one of
the two main winding sections 11 or 13 in the circuit
causing repetition of the overload and cut out of the
protector. Thus, when one of the protectors resets,
there will be a cycling of reset, disengage, reset, etc. To
avold this cycling of the protectors, relay actuating coil
91 is connected across protector 59, specifically in par-
allel with the series combination of the heating element
67 and contacts 75. So long as contacts 75 remain

closed, the resistance of heating element 67 is quite low
and there is insufficient voltage to actuate the relay coil

91, however, when the bimetallic contact 75 opens,

essentially line voltage is applied to relay coil 91, actuat-
ing that coil and closing relay contact 93 while opening
the normally closed set of contacts 95, thus placing the
motor In its low speed configuration where the two
protectors are in series and both must reset before the
motor restarts. If protector 59 resets before protector
63, the relay coil 91 will be deenergized and if switch 41
is in the high speed position, the motor is returned to its
high speed pole configuration and again begins the
undesirable reset cycling, however, the reset time of the
protectors 1s a design parameter which is readily varied
and by providing the protector 65 with a reset time
which 1s less than that of protector 59, allows protector
65 to close first, thereafter protector 59 closes. The
motor then starts with relay 91 being deenergized, re-
turning the motor to whichever pole configuration has
been selected by switch 41. Without relay 91 and its
associated contacts, if protector 65 resets when the
switch 41 was in the high speed or two pole configura-
tion, current flow through main winding section 11
would be reestablished and protector 65 again would
over heat and disconnect, again resulting in the undesir-
able cycling of that protector.

From the foregoing it is now apparent that a novel
overload protection arrangement for a multiple speed
single phase motor has been described meeting the ob-
jects and advantageous features set out hereinbefore as
well as others and that modifications as to the precise
configurations, shapes and details may be made by those
having ordinary skill in the art without departing from
the spirit of the invention or the scope thereof as set out
by the claims which follow.

What is claimed is:
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- 1. In a hermetic single phase multiple speed pole
- changing motor having at least two sections of main
winding operable in a selected one of several speed
determining pole configurations and at least one auxil-

lary winding for facilitating start up of the motor, inter- 5.

nal overload proteetlon within the hermetic environ-
ment comprising:

a first line break motor protector in circuit with the at
least one auxiliary winding and with one main
winding section for interrupting current flow 10
through the auxiliary winding and the one main
winding section in the event of an overload condi-
tion; and o

a second line break motor protector in circuit with
the other main winding section for interrupting 15
current flow through said other main winding in
the event of an overload condition, both said pro-
tectors being opertional in more than one pole
configuration to respond to corresponding over-
load conditions and interrupt current flow in their 20
respective windings.

2 The improvement of claim 1 whereln both line

break motor protectors are self-resettlng temperature |

sensing devices.
3. The improvement of claim 2 further COIIIpl‘lSlIlg 25
means precluding restart of the motor subsequent toan
- overload condition until both temperature sensing de- ,

4. The 1mprovement of e]ann 3 wherein the means
"precludmg comprises a lock out relay having an ener- 30
. gizing coil connected in parallel with one of the line
- break motor proteetors A -
3. The improvement of claim 4 wherein the lock out
‘relay includes. contacts operable upon energlzatlon of

slower speed pole eonﬁguratlon
6. The improvement of claim 1 wherein the motor has -
- a pair of independent auxiliary windings for start up in -
'a selected one of two speeds.

7. The 1mprovement of clalrn 6 wherein the first line 40 ;for preventing compnses a parr of normally closed

-. contacts of the first relay in series with the second relay
“-and a pair of normally closed contacts of the second
-relay in series with the first relay.

h break motor pretector is connected in series with the :

- 8. The improvement of clann 7 whereln the ﬁrst line
break motor protector is a three terminal device with

one terminal connected to both auxiliary wmdmgs a 45

~ second terminal connected to said one main winding
section and a thlrd ternunal to be connected to line
-voltage - R -
- 9. The 1rnprovement of claim 6 wherein the auxlllary
w1nd1ngs are two pole and four pole windings respec- 50
twely, the two main winding sections being connected
in series for motor operation in one pole configuration
“and in parallel for motor Operatlon in the other pole
configuration. -~ - - - )
- 10. The 1mprovemeut of clalm 9 whereln the second 55
- line break motor protector is permanently connected in -
series with the other main winding section regardless of
‘the pole configuration selected. o
~ 11. The improvement of claim 10 whereln the first
line break motor protector is connected in senes mth 60
the selected auxiliary winding.
- 12. The improvement of claim 11 wherein the first
line break motor protector is a three terminal device

4,384,312
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with one terminal connected to both auxiliary windings,
a second terminal connected to said one main winding
section and a third terminal to be connected to line
voltage.

13. The improvement of claim 6 mcludmg means
precluding the stmultaneous energization of both auxil-
1ary windings.

14. The improvement of claim 1 wherein each line
break motor protector is of the self-resetting tempera-
ture responsive variety employing a snap acting bime-
tallic element responsive jointly to heat generated by
current flow within the protector and to motor gener-
ated heat nearby.

- 15. The improvement of claim 14 wherein the first
line break motor protector includes a first heating ele-
ment conducting auxiliary winding current and a sec-
ond heating element conducting the current flowing in
the one main winding section while the second line
break motor protector includes a single heating element

conducting the current flowing in the other main wind-

ing section. |

16. The improvement of claim 15 wherein common
current flows in the second and single heating elements

‘only in one pole configuration.

17. The improvement of claim 14 wherein the reset

- time of the first line break motor protector is longer

- than the reset time of the second line break motor pro-
tector.

18. The improvement of claim 1 including a first relay

~operable when energized to connect the motor wind-
-ings in.a first pole configuration,.a second relay opera-
. “ble when energized to connect the motor windings in a
- .second pole configuration and means for preventing the -

~ simultaneous energization of both relays.
the coil to interconnect the main winding sections m a 35,‘ |

'19. The improvement of claim 18 wherein the means

-;-'for preventing comprises a speed selecting single-pole
- double-throw switch for selecting one of the two relays
.'as a candidate for energization. |

20 The 1mprovement of claim 18 wherein the means

-.21. The improvement of claim 1 wherein the line
brea_k motor protectors are temperature responsive de-
vices each in good heat transfer relation with motor

_wmdmgs and responsive to overload indicative exces-
'sive temperature thereof to interrupt winding current.

22. A single phase two speed pole ehanglng motor

‘having two sections of main winding operable in each =
of two speed determining pole configurations, a pair of |
- auxiliary windings having different pole numbers each

for facilitating start up of the motor in the correspond-

~ing selected pole configuration, a first line break motor =

protector operable in -either pole configuration to be
responsive to an overload condition to interrupt current
flow through the selected auxiliary winding and
through one of the main winding sections, and a second

~ line break motor protector operable in either pole con-

figuration to be responsive to an overload condition to

interrupt current flow through the other main winding
section. | |
| * % ¥ X %
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